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IMPLEMENTATION METHOD FOR 
ADAPTIVE EQUALIZER IN CMOS 

FIELD OF THE INVENTION 

This invention relates to the ?eld of digital transmission, 
and in particular to an adaptive equalizer. 

BACKGROUND TO THE INVENTION 

It is Well known that digital pulses transmitted through 
telephone lines become attenuated and very distorted. Both 
the attenuation and the distortion are nonlinear functions of 
both length of the telephone line and the transmission 
frequency. Equalizers are used to restore the pulses to their 
original amplitude and shape, but introduce some jitter. 

General approaches to solve the attenuation and distortion 
problems utiliZe a peak detector of one type or another to 
measure the amplitude of the incoming signal and compare 
it With some reference. Reconstitution can be effected since 
the amplitude and shape of the original signal at the trans 
mitter is knoWn. The comparing circuit generates a feedback 
error signal Which is proportional to the loss incurred in the 
telephone line. The error signal is used to adjust the transfer 
function of the equaliZer until the recovered signal generates 
no error signal. An edge detector (eye opening monitor) can 
be used to help a decision circuit create a more accurate error 
signal. 
KnoWn solutions are based on the above principle, but 

implementation methods vary. Several types of implemen 
tation methods are as folloWs: 

(a) A simple peak detector—passive equaliZing netWork 
method, Which has a ?xed pole and variable Zero combina 
tion in the complex impedance plane. The position of the 
Zero in the plane is varied by varying the current passing 
through a diode, causing its resistance to change, and thus 
the impedance of the passive equaliZing netWork. The tuning 
range of the equaliZer is determined by the values of the 
components. 

The main advantages of this method are that it is simple 
to implement, and the transfer function can be easily mod 
eled. 

The main draWbacks of the method are that the single 
pole-Zero pair causes high jitter in the output signal from the 
equaliZer. It has a limited tuning range. The method is not 
suitable for monolithic integrated circuit implementation. 
The telephone line model is hard Wired in the components. 

(b) Avariable pole—variable Zero method, Which uses a 
pole-Zero pair in Which the positions of both the pole and the 
Zero are variable. Apeak detector generates a control voltage 
that drives ?eld effect transistor gates, Which form 
nonlinear resistance elements for both the pole and the Zero 
circuits. The model in this case is a hyperbolic function 
Which represents a close approximation of the telephone line 
transfer function. 

The main advantage of this method is that it is simple to 
implement. 

The main disadvantages of this method is its limited 
tuning range, and that the components of the model are hard 
Wired. 

(c) A programmable automatic gain control (AGC) 
circuit—peak detector combination method, in Which only 
the amplitude of the signal is recovered. The transfer func 
tion is set by selecting one of a ?xed number of possible 
settings. 

The disadvantages of this method are its loW ?exibility, its 
limited tuning range, and that the components of the model 
are hard Wired. 
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2 
(d) A sWitched capacitor method, Which substantially 

eliminates the need for a passive netWork to create a 
nonlinear transfer function. 
The advantage of this method is that it can be imple 

mented in a monolithic integrated circuit. 
The main disadvantages of the method are that it is 

inherently loW speed, and that there is need for a special 
clock signal for sampling, Which clock speed is much higher 
than the data rate. In addition, the components of the model 
are hard Wired. 

(e) The capacitor array method, Which is based on an array 
of capacitors Which have siZes set in a monotonically 
increasing order. By turning capacitors on and off, one can 
change the shape of the transfer function, and therefore 
create an adaptive equaliZer. 
The main advantages of this method are that it can be 

implemented in a monolithic integrated circuit, and that 
digital control feedback is possible. 
The main disadvantages of this method are that it has loW 

?exibility, and there is a need for several operational regions 
due to the components having limited tuning range. In 
addition, the components of the model are hard Wired. 
A description of prior art methods may be found in US. 

Pat. Nos. 3,568,100, 5,257,286, 4,606,043, 4,745,622, 
4,887,278 and 5,627,885. 

SUMMARY OF THE INVENTION 

The present invention eliminates substantially all of the 
draWbacks of the aforenoted prior art, and at the same time 
may be fabricated using monolithic integrated circuit tech 
nology. The present invention is easy and fast to develop for 
a particular application, and has a ?exible and program 
mable nonlinear transfer curve Which is programmable even 
by the customer of the equipment in Which it resides. It also 
has an open loop mode Which can be used to debug and tune 
the circuit. It is suitable for fully monolithic implementation, 
and for high-speed applications such as T1 and E1 type 
communication systems. It also requires minimal con?gu 
ration by the user, eg a minimal number of programmable 
operational regions (long and short haul). 

In accordance With an embodiment of the invention, a 
method of equaliZing a signal degraded as a result of passing 
through a transmission medium, comprises: 

(a) storing plural equaliZer transfer function control val 
ues in a memory, 

(b) passing the signal through an equaliZer having a 
controllable transfer function, 

(c) comparing a characteristic of the output signal of the 
equaliZer With a reference signal and producing a 
difference signal, 

(d) using the difference signal to select a set of stored 
transfer function control values from the memory, 

(e) controlling the equaliZer from the selected transfer 
function control values so as to minimiZe their differ 
ence from the reference signal. 

In accordance With another embodiment, an adaptive 
equaliZer apparatus comprises: 

(a) an equaliZer for a signal received from a transmission 
medium, the equaliZer having control inputs for receiv 
ing control signals for controlling the transfer function 
of the equaliZer, 

(b) a peak detector for detecting a peak amplitude of an 
output signal of the equaliZer, 

(c) a memory for storing plural values of transmission 
medium characteristics for plural points along the 
transfer function, 
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(d) a selection control circuit for comparing the peak With 
a reference and for causing selection of transmission 
medium characteristic values at the plural points so as 
to have minimum difference of the peak amplitude 
from the reference, and 

(e) an equalizer control circuit for receiving the selected 
transmission medium characteristic values from the 
memory and for applying the control signals for con 
trolling the transfer characteristics of the equalizer, to 
the control inputs of the equalizer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the invention Will be obtained 
by a consideration of the detailed description beloW, in 
conjunction With the folloWing draWings, in Which: 

FIG. 1 is a block diagram of an embodiment of the 
invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

Atransmission cable 1 is coupled via a transformer 2 and 
a band limiting ?lter 3 to the input of an equalizer 4. The 
output of the equalizer is coupled to the input of a digital 
pulse generator (eg a slicer) 5. 
An output of the equalizer is coupled to the input of a peak 

detector 6, the output of Which is coupled to the input of a 
feedback control circuit 7 and to a control input of the slicer 
5. The output of the feedback control circuit 7 is coupled to 
the input of a counter 12, the output of Which is coupled to 
address decode inputs of a memory 11, shoWn as a random 
access memory RAM. 

The output of the memory 11 is coupled to the input of an 
equalizer control circuit 8 Which is comprised of a decoder 
for the read output data from memory 11 and an analog 
control signal generation circuit Which is controlled by the 
decoded output data from memory 11. 

The analog output signals from equalizer control circuit 8 
is applied to control inputs of equalizer 4 to control its 
transfer function. 

The equalizer 4 has a plurality of equalizer control circuits 
Which provide some number of variable poles and zeros. For 
example, as shoWn in FIG. 1, there are pole-zero pair control 
circuit 13, and tWo additional variable zero control circuits 
14 and 15 respectively, all coupled in series. 
A counter 12 and a memory 11 (eg a random access 

memory RAM) are shoWn contained in a block referred to 
herein as an integrator 10. 

In operation, the data stream coming from a transmission 
cable (telephone line) 1 is passed through isolation trans 
former 2 is typically very Weak and distorted. As noted 
earlier, the amount of signal distortion and attenuation are 
functions of both the cable type and the cable length. 
Combined, this is a very nonlinear function Which is 
required to be nulli?ed by the transfer characteristics of the 
equalizer 4. Ideally, the transfer function of the equalizer is 
a mirror image of the cable loss characteristic, so as to 
produce an output signal Which ideally has a Waveform 
identical to that originally transmitted. 

It is therefore desirable to have the transfer function of the 
equalizer 4 to match as closely as possible the transfer 
characteristic of a given transmission (telephone) line for 
various lengths. If additional pole-zero pairs Were used, a 
better approximation of the transfer function could be 
obtained, but the number of controlling circuits Would 
increase dramatically. 
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4 
In the embodiment of the present invention described 

herein, control circuits to establish only a pole-zero-zero 
zero combination are used to approximate the ideal transfer 
function. It Will be recognized that other pole-zero combi 
nations could alternatively be used. 

In accordance With an embodiment of the present 
invention, the incoming data stream from isolation trans 
former 2 passes through a bandlimiting ?lter 3 Which limits 
the frequency spectrum entering the system to only those 
frequencies that carry information. The ?lter bandWidth 
should be optimized for the expected data frequency. In a 
successful laboratory prototype, the input data Was limited 
to selectable T1 frequencies (1.544 MHz) and El frequencies 
(2.048 MHz); the bandlimiting ?lter had tWo distinct band 
Width settings. 
A bandlimiting ?lter control circuit 9 performs the band 

Width selection by means of a control voltage Vcl. The 
bandlimiting ?lter control circuit 9 is preferably a frequency 
to voltage converter. An external detector detects the clock 
clk signal of the incoming signal and applies it to the control 
circuit 9. Control circuit 9 converts its frequency to control 
voltage Vcl Which sets the bandWidth of the ?lter 3. Thus if 
the clock input signal clk has a frequency of 1.544 MHz, Vcl 
should take the voltage value that sets the bandlimiting ?lter 
3 to the appropriate bandWidth for a Ti signal. If the clock 
input signal clk has a frequency of 2.048 MHz, Vcl should 
take the voltage value that sets the bandlimiting ?lter 3 to the 
appropriate bandWidth for a El signal. 
The data stream amplitude is continuously monitored at 

the output of the equalizer 4 by peak detector 6. The output 
of the peak detector 6 dynamically sets the threshold voltage 
for a digital pulse generator (slicer) 5 for the best output 
signal to noise ratio, and controls the feedback control 
circuit 7. 

The control signal delivered by the peak detector 6 is 
compared With a reference voltage ref at the input of the 
feedback control circuit 7. There are three possible outcomes 
of the comparison: 

(a) The control signal level is beloW the reference ref 
signal level. In that case the UP side of the output of the 
feedback control circuit 7 should go into logical ‘1’ state. 
The DN side of the output of the feedback control circuit 
should go into the logical ‘0’ state. 

(b) The control signal level is above the reference ref 
signal level. The UP side of the output of the feedback 
control circuit 7 should go into the logical ‘0’ state. The DN 
side of the output of the feedback control circuit 7 should go 
into the logical ‘1’ state. 

(c) the control signal level is equal to the reference ref 
signal level. The UP side of the output of the feedback 
control circuit 7 should go into the logical ‘0’ state, and the 
DN side of the output of the feedback control circuit 7 
should go into the logical ‘0’ state. 

The UP and the DN outputs are sampled at the feedback 
clock rate, and are used to drive the up/doWn counter 12. The 
counter is coupled to the memory 11; its counting range 
should cover all addresses in the memory 11. 

Further, the counter 12 is preferably controlled to alloW 
breaking of the control loop, for manual control of the 
counter instead of automatic feedback control from the 
control circuit 7. 

In a successful embodiment, the memory 11 Was a RAM 
Which had 36 registers of 8 bits each. For every UP pulse at 
logical ‘1’ the counter moved one step up. For every DN 
pulse at logical ‘1’ the counter 12 moved one step doWn. It 
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should not move in any other case. The counter 12 should 
saturate at it’s minimum and it maximum state. Thus, an UP 
at logical ‘1’ Will be ignored if the counter 12 is at its 
maXimum value, and a DN at logical ‘1’ Will be ignored if 
the counter 12 is at its maXimum value. 

The memory 11 location should be loaded With values 
Which represent the cable transfer characteristics at prefer 
ably 36 points along the transfer curve. HoWever, the 
number of registers and therefore the number of points 
should be chosen for convenience and could have been any 
other number. The memory Word selected by the counter 12 
is passed to the decoder inside the equaliZer control circuit 
8 Where it is mapped to analog control voltages V62) V63 and 
VCC4. The voltage levels are directly proportional to the 
location of the Zeros or pole-Zero pairs, and therefore With 
the transfer characteristics of the equaliZer 4. 

As noted above, the up/doWn counter 12 and the memory 
11 serve the purpose of the integrator 10 for the feedback 
loop. The integrator pole is set by the fclk frequency. 

The integrator 10 could operate in the digital domain and 
the remaining parts operate in the analog domain, or the 
integrator 10, decoder part of the equaliZer control circuit, 
peak detector and feedback control circuit 7 can operate in 
the digital domain and the remaining parts operate in the 
analog domain. 

Thus, the difference signal of the feedback control circuit 
has been used to select a set of stored transfer function 
control values from the memory, Which are used to control 
the pole-Zero characteristics of the transfer function of the 
equaliZer. This substantially increases the ?exibility of the 
equalizer, as compared to those in the prior art. 

While the description above has referred to equalizing a 
signal Which has been degraded by a telephone line, it Will 
be recogniZed that a pulse signal degraded in shape and 
amplitude by any transmission medium can be equaliZed 
using the principles of the present invention. The present 
invention is thus not limited by the described source of the 
signal to be equaliZed. 
Aperson understanding this invention may noW conceive 

of alternate embodiments and enhancements using the prin 
ciples described herein. All such embodiments and enhance 
ments are considered to be Within the spirit and scope of this 
invention as de?ned in the claims appended hereto. 
We claim: 
1. An adaptive apparatus comprising: 
(a) an equaliZer for a signal received from a transmission 
medium, the equaliZer having control inputs for receiv 
ing control signals for controlling the transfer function 
of the equaliZer, 

(b) a peak detector for detecting a peak amplitude of an 
output signal of the equaliZer, 

(c) a memory for storing plural values of transmission 
medium characteristics for plural points along said 
transfer function, 

(d) a selection control circuit for comparing said peak 
With a reference and for causing selection of transmis 
sion medium characteristic values at said plural points 
so as to have minimum difference of said peak ampli 
tude from the reference, and 

(e) an equaliZer control circuit for receiving the selected 
transmission medium characteristic values from the 
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6 
memory and for applying said control signals for 
controlling the transfer characteristics of the equaliZer 
to the control inputs of the equaliZer, 
in Which the selection control circuit is comprised of an 
up-doWn counter control circuit for receiving the 
reference and peak signals and for providing up or 
doWn control signals in the event of the reference 
and peak signals differing in one polarity direction 
and for providing doWn or up control signals in the 
event of the reference and peak signals differing in an 
opposite polarity direction, a counter for receiving 
the up and doWn signals and for counting up and 
doWn in response thereto, and for providing address 
signals to the memory for selecting the transmission 
medium characteristic values stored at the addressed 
memory locations. 

2. An equaliZer as de?ned in claim 1 further including a 
manual control input for receiving a manually provided 
input signal for addressing the memory in substitution for an 
address signal provided by the counter. 

3. An equaliZer as de?ned in claim 1 further including a 
digital pulse generator for receiving an output signal from 
the equaliZer and for providing a pulse signal under control 
of an output signal of the peak detector. 

4. An equaliZer as de?ned in claim 1 further including a 
feedback clock signal input for controlling timing of sam 
pling of an up-doWn control signal generated by the 
up-doWn counter control circuit for generating the up and 
doWn control signals in response thereto. 

5. An equaliZer as de?ned in claim 4 further including a 
band limiting ?lter for receiving the signal from the trans 
mission medium for substantially reducing the amplitude of 
frequencies outside of a band Which contains desired infor 
mation and for applying a resulting signal to an input of the 
equaliZer. 

6. An equaliZer as de?ned in claim 4 in Which output 
Words from the memory contain an equal number of bits as 
the number of control inputs to the equaliZer, and in Which 
the up-doWn counter can count a number of count values 
before saturation Which is equal to the number of register 
addresses in the memory. 

7. An equaliZer as de?ned in claim 6 in Which the 
equaliZer control circuit is comprised of a decoder for 
receiving addressed signals stored in the memory, and an 
analog control signal for generating the equaliZer control 
signals in response to the decoded signals received from the 
memory. 

8. An equaliZer as de?ned in claim 7 further including a 
band limiting ?lter for receiving the signal from the trans 
mission medium for substantially reducing the amplitude of 
frequencies outside of a band Which contains desired infor 
mation and for applying a resulting signal to an input of the 
equaliZer. 

9. An equaliZer as de?ned in claim 8 further including a 
digital pulse generator for receiving an output signal from 
the equaliZer and for providing a pulse signal under control 
of an output signal of the peak detector. 

10. An equaliZer as de?ned in claim 1 further including a 
manual control input for receiving a manually provided 
input signal for addressing the memory in substitution for an 
address signal provided by the counter. 

* * * * * 


